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Description
FIELD OF THE INVENTION

The present invention relates generally to an oxidation retarded electrode and to a method for treating
a graphite or carbon electrode with a mixture of a phosphate containing compound and a halide-contain-
ing compound to retard oxidation of the electrode and to inhibit the formation of a non-conductive film be-
tween the electrode and a copper electrode holder.

BACKGROUND OF THE INVENTION

One of the most important applications of graphite is as electrodes for arc melting of steel. During the
past 20 years the use of electric furnaces for melting steel has grown from a small volume specialty
process to a high volume process with probably the lowest production costs of any of the recognized
metallurgical processes. The process typically consumes from 10-12 pounds of graphite electrode for
each ton of steel produced, or about 8% of the total production cost.

During operation of electric arc steel furnaces, the graphite electrodes are subject to mechanical,
chemical and electrical stresses of such severity, that particularly for ultra high powered furnaces, on-
ly graphite of very high quality can be used. The electrodes are subject to the mechanical siresses from
falling scrap being melted, from the inductance caused by the high AC current and also subject to oxida-
tion due to the temperature reached, which will range up to the graphite sublimation temperature of over
3000°C.

Although pure graphite is one of the most inert and least reactive materials known, oxidation is a highly
significant cause of deterioration of strength and loss of material at these extremely high temperatures
encountered in an electric arc furnace. Thus, retardation of the oxidation reactions could be highly bene-
ficial in reducing electrode consumption, both by reduction of direct oxidation and by lessening breakage
caused by oxidation-induced loss of electrode strength.

During operation of an electric arc furnace, normally three electrodes are used, each of which is con-
nected to one phase of the power supply through a metal clamp, and as the electrode is consumed, addi-
tional sections are added at the top and the column lowered to the operating level in the furnace. Al-
though it is generally found that oxidation retardants are ineffective above about 1200°C, any improve-
ment, even at lower temperatures, is welcome and can significantly reduce electrode consumption.

Oxidation retardant solutions have been used by graphite manufacturers to treat electrode sockets
for many years. There have also been many attempts to use these solutions as oxidation retardants on
the graphite electrodes themselves. However, these have been unsuccessful in the past due to a varie-
ty of shoricomings of such treatments including poor oxidation retardation on the elecirodes, increased
corrasion of the electrode holder, and arcing beiween the electrode and the electrode holder caused by
the presence of a non-conductive film between the electrode and its holder. This non-conductive film
which forms between the electrode and its holder or on the holder itself is caused by the prior-art oxida-
tion retardant electrode treating solutions, especially phosphate-containing treating solutions which
cause a non-conductive film of copper phosphate to deposit upon copper electrode holders or at the
electrode/ electrode holder interface.

The build-up of such a non-conductive film causes premature deterioration of the copper electrode
holders. A solution to this problem of a non-conductive film build up would be desirable since it would in-
crease the life of costly copper electrode holders, providing a valuable economic savings.

OBJECTS OF THE INVENTION

It is an object of the present invention to provide a method for treating a carbon or graphite electrode
with a composition which retards oxidation of the electrode and inhibits the formation of a non-conduc-
tive film between the treated electrode and a copper electrode holder, thereby minimizing or avoiding
arcing between the electrode and electrode holder and increasing the useful life of the electrode holder.

It is another object of the present invention to provide an oxidation retarded electrode that inhibits
non-conductive film formation between the electrode and a copper electrode holder.

These and other objects will become apparent from a reading of the following detailed specification.

SUMMARY OF THE INVENTION

In one aspect, the present invention relates to a method for retarding oxidation of a carbon or graph-
ite electrode and of inhibiting non-conductive film formation between the electrode and a copper elec-
trode holder comprising contacting the electrode with at least one liquid composition comprising at least
one phosphate containing compound, at least one halide-containing compound and at least one solvent
for the halide-containing compound and the phosphate-containing compound, wherein said halide-con-
taining compound is present in an amount of between about 1 wt. % and about 5 wt. % based on the total
weight of the composition.
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In another aspect, the present invention relates to a carbon or graphite electrode having a phos-
phate-containing compound and halide- containing compound deposited on the surface and impregnated
into at least a portion of the interior of said electrode, said halide-containing compound being present on
the electrode in an amount of between about 75 ppm and about 300 ppm and said phosphate-containing
compound is present in an amount of between about 1 wt. % and about 7 wt. %, both based upon the
weight of the freated portion of the electrode, said amount of halide-containing compound being impreg-
nated into said electrode from at least one liquid composition containing between about 1 wt. % and about
5 wt. % of said halide compound based on the total weight of said composition.

DETAILED DESCRIPTION OF THE INVENTION

It has now been found that the presence of halide ion in an amount of between about 75 and about 300
ppm on the surface of a phosphate-treated electrode where the electrode contacts the copper holder
will minimize or avoid the formation of a non-conductive film on the copper electrode holder or between
the holder and the electrode and, thereby, prevent arcing and the corresponding destruction of the elec-
trode holder. A practical way to accomplish this is to incorporate a halide into the phosphate oxidation re-
tardant treating solution for the electrode. Alternatively, the phosphate and the halfide can be incorpo-
rated into the electrode separately using separate treating solutions. This new finding that the phos-
phate treated electrode containing a halide ion will prevent the arcing problem is a significant factor in
achieving fully functional electrodes for use in electric arc furnaces. In this regard, treated electrodes
within the scope of the present invention are characterized by comparable flexural strength and re-
duced hygroscopicity as compared to phosphate-treated electrodes without halide treatment. Each of
these characteristics contributes to the longevity of the treated electrode. '

Halide-containing compounds useful in the practice of the present invention include, for example, mag-
nesium chloride, sodium chloride, cupric iodide, cupric chloride, calcium bromide, hydrofluoric acid, hy-
drochloric acid, and mixtures thereof. The chloride salts are preferred since they are inexpensive and
readily available.

The amount of halide-containing compound deposited on the surface of the electrode and impregnated
into the electrode is preferably between about 75 ppm and about 300 ppm, more preferably between
about 75 and about 200 ppm, based upon the weight of the treated portion of the electrode. The term
"freated portion of the electrode” refers to that portion of the electrode which contains halide-phos-
phate treatment. For example, if only the outer quarter of a treated electrode contains halide and phos-
phate after contact with the halide and phosphate-containing solution or solutions, then calculations of
the amount of halide incorporated into the electrode would be based on the outer quarter of the elec-
trode.

The halide-containing compound is generally employed in an amount of between about 1 wt.% and about
5 wt.%. more preferably between 1.7 wt.% and about 3 wt.%, based on the total weight of the oxidation re-
tardant composition. Above about 5 wt.%, excessive cost is incurred and oxidation protection is reduced
because of the proportionately lower phosphate content; whereas below about 1 wt.%, the amount depos-
ited on the electrode at a cure temperature of 500°C to 600°C is expected to be insufficient to inhibit for-
mation of the non-conductive film between the carbon elecirode and the electrode holder.

The other essential ingredient in the oxidation retardant composition is phosphate which provides oxi-
dation retardation for the electrodes. Useful phosphate-containing compounds within the scope of the
present invention include, for example, zinc phosphate, magnesium phosphate, iron phosphate, copper
phosphate, aluminum phosphate, potassium phosphate, manganese phosphate and other soluble phos-
phate salts.. The preferred phosphate-containing compound is monoaluminum phosphate.

The amount of phosphate-containing compound deposited on the surface of, and impregnated into, the
electrode is preferably between about 1 wt.% and about 7 wt.%, more preferably between about 2 and
about 3 wt.%, based upon the total weight of the treated portion of the electrode. Below about 1 wt.%, the
amount of phosphate compound is expected to be insufficient to provide oxidation retardation, whereas
above 7 wt.%, the amount is expected to be too expensive from a cost standpoint.

The phosphate-containing compound is preferably employed in an amount of between about 10 wt.%
and about 70 wt.%, more preferably between about 20 wt.% and about 70 wt.%, most preferably between
about 20 wt.% and about 40 wt.% based upon the total weight of the oxidation retardant composition.
When operating below the preferred lower limit of about 10 wt.% or above the preferred upper limit of
about 70 wt.%, processing difficulties may be encountered in incorporating the preferred amount of
phosphate-containing compound into the electrode. The balance of the oxidation retardant composition
includes a solvent for the phosphate and the halide such as water or an organic solvent such as metha-
nol. The preferred soivent is water.

A particularly preferred oxidation retardant composition is an aqueous solution of monoaluminum phos-
phate (commercially available from Stauffer Chemical Company), magnesium chloride hexahydrate, and
water.

The carbon or graphite electrode may be treated with the oxidation retardant solution by a number of
application procedures. The solution may be brushed or sprayed on the surface, the article may be
dipped and soaked in the solution, or the solution may be applied by the process of impregnation, i.e.,
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placing the article in a sealed chamber, evacuating the chamber, then bringing the impregnant into con-
tact under pressure above atmospheric pressure, e.g., at 6.9 bar (100 psi). Complete impregnation is

preferred since it helps maintain the electrode’s physical strength due to the presence of phosphate
throughout the electrode.

An even more preferred method of treating the electrode with the oxidation retardant treating solution
is to roll the electrode at ambient temperature and atmospheric pressure in a vessel containing the treat-
ing solution. This method allows a pre-established penetration of the treating solution info the electrode
to be achieved. For a standard 609.6 mm (24 inch) commercial electrode, at least about 25.4 mm (1 inch)
of penetration into the electrade by the treating solution is adequate to prevent the arcing problem re-
ferred to above even when the outermost portion of the electrode is consumed.

After treatment of the electrode with the phosphate-containing, halide-containing composition, the
treated electrode is preferably heated to between about 500°C and about 600°C for 1 to 3 hours in order
to "cure" the treated electrode. This cure insures that the phosphates on the treated electrode are in
their water-insoluble, stable form in the pores of the electrode.

While the electrode treatment method of the present invention is particularly useful on graphite arc
furnace electrodes, it will be useful in other applications involving a graphite/copper interface, such as
Hall cell anodes.

The following examples are intended to illustrate, but not to limit, the present invention.

Example 1
Electrical Conductivity Measurements

This Example shows the difference in electrical conductivity between a portion of a graphite electrode
and a copper plate in contact with the electrode using an oxidation retardant solution in accordance with
the present invention versus a solution of the prior art.

In this example, 23 grams (2.3 wt.%) of magnesium chloride hexahydrate, was added to 677 grams of
aqueous monoaluminum phosphate. The mixture was mixed thoroughly using a magnetic stirrer. Three hun-
dred grams of water was then added to the mixture while the solution was still being stirred. The resulting
oxidation retardant solution contained 35 wt.% solids. Graphite electrode samples ranging from 25.4 mm
(one inch) diameter x 25.4 mm (one inch) long to 127 mm (five inch) diameter x 304.8 mm (tweive inch) long
in size were placed in an autoclave and the autoclave was evacuated (30 minutes) to remove the air and
moisture from the elecirode bodies through the graphite pores. The oxidation retardant solution was then
pumped into the autoclave and totally immersed the samples. Nitrogen gas at a pressure of 7.9 bar (100
psig) was applied for 30 minutes to aid in impregnation by completely filling all pores of the samples with
the solution. After the pressure cycle, the pressure was released and the samples were removed from
the autoclave. The impregnated samples were then heat treated in the oven at 550°C and 1 atmosphere
for two hours to convert the oxidation retardant solution into insoluble phosphate, and to retain a very
small amount of chloride ion (~ 100 ppm) in the sample. The cured samples were then machined.

As a comparative example, 300 g of water was added to 700 g of monoaluminum phosphate solution, re-
sulting in a treat solution containing 35 wt.% solids. Electrode samples were treated with this solution and
cured using the same procedures as those described above. Electrical conductivity measurements
along the surface of a copper plate after it had been heated, in contact with the electrode sample, were
made as hereinafter described. The copper plate was used to simulate a copper electrode holder.

In a resistance heated graphitizing furnace, conditions of the treated electrodes in contact with the
copper holders in an electric arc furnace were simulated. A copper plate was placed against a slab of
graphite treated with the chemical solution in the furnace column. The column was thermally cycled for
two hours in the 350°C to 550°C range. After the test, the copper surface that was in contact with the
graphite was measured for electrical conductivity. The copper plate surface, in contact with the graphite
slab treated with the solution containing monoaluminum phosphate and magnesium chloride, in accord-
ance with the present invention, had a conductive surface. The electrical resistance over a 101.6 mm
(four inch) long path was zero indicating that arcing beiween a graphite electrode and the copper holder
would not occur under use conditions in an electric arc furnace. )

In contrast, the copper plate surface which was in contact with the graphite slab treated with monoalu-
minum phosphate alone in the comparative example provided an electrical resistance of 190 ohm, over a
101.6 mm (four inch) long path, indicating that arcing would occur between the graphite electrode and the
copper holder under use conditions in an electric arc furnace.

Example 2

Oxidation Retardant Measurements

This Example compares the oxidation retardant effectiveness of several phosphate and chloride-con-
taining compositions of the present invention versus a comparison without chloride being present and,
as a control, an untreated electrode.
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The compositions of the present invention were prepared by adding to aqueous monoaluminum phos-
phate, a product of Stauffer Chemical Company, varying amounts of magnesium chloride hexahydrate,
as identified in Table | below.

After impregnation with the various freating solutions identified in Table | by the procedure described
in Example 1, 25.4 mm (1 inch) diameter X 25.4 mm (1 inch) long graphite samples were individually placed in
a Thermo Gravimetric Analyzer furnace at 900°C. Dry air was circulated through the furnace at a rate
of 141.6 dm? (5 cubic feet) per hour. A measurement was made of the time required to provide a twenty
percent weight loss in each sample. The resulis are presented in Table I.

Table
Oxidation Test at 900°C oven with 141.6 dm® (5 cubic fest) per hour of air flow
Sample # * Monoaluminum Magnesium Chlotide  Time in minutes to 20%
Phosphate Hexahydrate sample weight loss

A (control) None None 65

B (comparison) 100% None 110

c 98.3% 1.7 wt.% 105

D 98.7% 3.3wl% 115

E 94% 6 wt.% 115

* Aqueous monoaluminum phosphate, a product of Stauffer Chemical Company.

The results as presented in Table | above show that compositions sample numbers C through E within
the scope of the present invention provided retardation of oxidation in terms of time in minutes to a 20%
sample weight loss that was comparable to the oxidation retardation provided by Comparison B contain-
ing phosphate but no chloride in terms of minutes to a 20% weight loss in each electrode sample. It is not-
ed that sample numbers D and E provided identical weight losses at 3.3 wt.% and 6 wt.% magnesium chlo-
ride hexahydrate levels respectively.

Example 3
Flexural Strength and Hyaroscopicity Tests

Treated electrode samples and comparative samples as prepared in Example | above were also sub-
jected to flexural strength and hygroscopicity tests. Flexural strength tests on the electrodes using
ASTM C 65170 (Reapproved-1977) showed that the flexural sirength of the treated sample was main-
tained after treatment with monoaluminum phosphate plus chloride in the oxidation retardant ireat solu-
tion, as compared to the electrode strength with a phosphate only treatment; see the results given in Ta-
ble Il. Moreover, the treated graphite showed improvement in hygroscopicity with the chloride addition.
The resulis for the hygroscopicity test are shown in Table IIl.

The hygroscopicity test was performed as follows: Into a 7.57 dm? (2 galion) laboratory vessel was
placed each 25.4 mm (1 inch) diameter by 25.4 mm (1 inch) long pre-weighed graphite elecirode sample on
a tray in the vessel. Below the tray, the vessel was filled with water. The vessel was closed with a lid and
the contents of the vessel were maintained at 25°C and 100% relative humidity for three days. The sam-
ple was then removed from the vessel and weighed to determine the percent moisture weight-gain, as
given in Table [l

The hygroscopicity test results given in Table Il show a reduced moisture weight-gain for a chlo-
ride/phosphate treated electrode sample, as compared to a phosphate treated electrode (0.2 versus 0.6
wt. % moisture weight-gain, respectively). Such a reduced hygroscopicity is desirable since moisture
weight-gain during storage can lead to a leaching out of the oxidation retardant treat.

Table li
ASTM-C851-70 {reapproved 1977) flexural strength increase due to oxida-
tion retardant treating
Monoaluminum  Monoaluminum Phospha-
Phosphatetreat te + MgClz - 6H20 treat
Flexural strength increase 25% 25%
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Table Ili

Hygroscopicity test for treated graphite samples at
100% relative humidity, at 25°C

Sample Moisture pick-up in
three days, wt.%

Monoaluminum phosphate 0.6

treated

Monoaluminum phosphate + 0.2
MgClz - 6H20 treat

While this invention has been described with references to certain specific embodiments, it will be rec-
ognized by those skilled in this art that many variations are possible without departing from the scope
and spirit of the invention and that it is intended to cover all changes and modifications of the invention
disclosed herein for the purposes of illustration which do not constitute departure from the spirit and
scope of the invention.

Claims

1. A method for retarding oxidation of a carbon or graphite electrode and of inhibiting non-conductive
film formation between the electrode and a copper electrode holder characterized in that it comprises
contacting the electrode with at least one liquid composition comprising at least one phosphate-contain-
ing compound, at least one halide-containing compound, and at least one solvent for the phosphate-con-
taining compound and the halide-containing compound, wherein said halide-containing compound is
present in an amount of between about 1 wt.% and about 5 wt.% based on the total weight of the composi-
tion.

2. The method of claim 1 wherein said halide-containing compound is a chloride salt or mixture of chio-
ride salts.

3. The method of claim 1 wherein said halide-containing compound is present in an amount of between
about 1.7 wit.% and about 3 wt.% based on the total weight of the composition.

4. The method of claim 1 wherein said phosphate-containing compound is selected from the group con-
sisting of zinc phosphate, iron phosphate, aluminum phosphate, copper phosphate, potassium phosphate
and manganese phosphate.

5. The method of claim 1 wherein said phosphate-containing compound is present in said composition in
an amount of between about 10 wt.% and about 70 wt.%, based on the total weight of the composition.

6. The method of claim 1 wherein said phosphate-containing compound is present in said composition in
an amount of between about 20 wt.% and about 70 wt.%, based on the total weight of the compossition.

7. The method of claim 1 wherein said phosphate-containing compound is present in said composition in
an amount of between about 20 wt.% and about 40 wt.%, based on the total weight of the composition.

8. The method of claim 1 wherein said contact comprises complete impregnation of the electrode with
said composition under pressure above atmospheric pressure.

9. The method of claim 1 wherein said contact comprises rolling the electrode in said composition to pro-
vide at least 25.4 mm (one inch) of penetration into the electrode by the composition.

10. A carbon or graphite electrode characterized in that it has a phosphate-containing compound and
halide-containing compound deposited on the surface and impregnated into at least a portion of the interi-
or of said electrode, said halide-containing compound being present on the electrode in an amount of be-
tween about 75 ppm and about 300 ppm and said phosphate-containing compound is present in an amount
of between about 1 wt.% and about 7 wt.%, both based upon the weight of the treated portion of the elec-
trode, said amount of halide-containing compound being impregnated into said electrode from at least one
liquid composition containing between about 1 wt.% and about 5 wt.% of said halide compound based on
the total weight of said composition.

11. The electrode of claim 10 wherein said phosphate-containing compound and said halide-containing
compound are impregnated into at least a 25.4 mm (one inch) depth of said electrode.

12. The electrode of claim 10 wherein said phosphate-containing compound and said halide-containing
compound completely impregnate said electrode.

13. The electrode of claim 10 wherein said halide-containing compound is a chloride salt or mixiure of
chloride salts.

14. The electrode of claim 10 wherein said phosphate-containing is selected from the group consisting
of zinc phosphate, iron phosphate, aluminum phosphate, copper phosphate, potassium phosphate and
manganese phosphate.
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Patentanspriiche

1. Verfahren zum Verzégern der Oxidation einer Kohle- oder Graphit-Elektrode und zur Unter-
driickung der Bildung eines nicht-leitenden Films zwischen der Elekirode und einem kupfernen Elektro-
denhalter, dadurch gekennzeichnet, daB es das in Kontakt bringen der Elekirode mit wenigstens einer
fiissigen Zusammensetzung umfaBt, die wenigstens eine phosphathaltige Verbindung, wenigstens eine
halogenidhaltige Verbindung und wenigstens ein Losungsmittel fiir die phosphathaltige Verbindung und
die halogenidhaltige Verbindung enthéit, wobei die halogenidhaltige Verbindung in einer Menge von zwi-
schen etwa 1 Gew.-% und etwa 5 Gew.-% auf Basis des Gesamtgewichis der Zusammensetzung anwe-
send ist.

2. Verfahren nach Anspruch 1, bei dem die halogenidhaltige Verbindung ein Chloridsalz oder eine Mi-
schung von Chloridsalzen ist.

3. Verfahren nach Anspruch 1, bei dem die halogenidhaltige Verbindung in einer Menge von zwischen
etwa 1,7 Gew.-% und etwa 3 Gew.-% auf Basis des Gesamigewichts der Zusammensetzung anwesend ist.

4. Verfahren nach Anspruch 1, bei dem die phosphathaltige Verbindung ausgewahlt wird aus der
Gruppe bestehend aus Zinkphosphat, Eisenphosphat, Aluminiumphosphat, Kupferphosphat, Kalium-
phosphat und Manganphosphat.

5. Verfahren nach Anspruch 1, bei dem die phosphathaltige Verbindung in der Zusammensetzung in ei-
ner Menge von zwischen etwa 10 Gew.-% und etwa 70 Gew.-% auf Basis des Gesamtgewichts der Zu-
sammensetzung anwesend ist.

6. Verfahren nach Anspruch 1, bei dem die phosphathaltige Verbindung in der Zusammensetzung in ei-
ner Menge zwischen etwa 20 Gew.-% und etwa 70 Gew.-% auf Basis des Gesamtgewichts der Zusam-
mensetzung anwesend ist.

7. Verfahren nach Anspruch 1, bei dem die phosphathaltige Verbindung in der Zusammensetzung in ei-
ner Menge von zwischen etwa 20 Gew.-% und etwa 40 Gew.-% auf Basis des Gesamigewichts der Zu-
sammensetzung anwesend ist.

8. Verfahren nach Anspruch 1, bei dem der Kontakt die volistéandige Impragnierung der Elektrode mit
der Zusammensetzung unter einem Druck oberhalb des atmosphérischen Drucks umfaBt.

9. Verfahren nach Anspruch 1, bei dem der Kontakt das Wélzen der Elekirode in der Zusammenset-
zung umfaBt, um wenigstens eine 25,4 mm (1 Inch) Durchdringung der Elekirode durch die Zusammenset-
zung zu gewdhrleisten.

10. Kohle- oder Graphitelekirode, dadurch gekennzeichnet, daB eine phosphathaltige Verbindung und
eine halogenidhaltige Verbindung auf der Oberfléche abgelagert und in wenigstens einen Teil des Inne-
ren dieser Elekirode getrénkt wurde, wobei die halogenidhaitige Verbindung auf der Elekirode in einer
Menge von zwischen etwa 75 ppm und etwa 300 ppm vorliegt und die phosphathaltige Verbindung in ei-
ner Menge von zwischen etwa 1 Gew.-% und eiwa 7 Gew.-% vorliegt, jeweils auf Basis des Gewichis
des behandelten Abschnitts der Elektrode, wobei die Menge der halogenidhaltigen Verbindung durch
Trénken der Elektrode mit wenigstens einer fliissigen Zusammensetzung aufgebracht wird, die zwischen
etwa 1 Gew.-% und etwa 5 Gew.-% dieser Halogenidverbindung auf Basis des Gesamtgewichis der Zu-
sammensetzung enthalt.

11. Elektrode nach Anspruch 10, bei der die Elektrode wenigstens bis in eine Tiefe von 25,4 mm (1 Inch)
mit dieser phosphathaltigen Verbindung und dieser halogenidhaltigen Verbindung getrankt wird.

12. Elektrode nach Anspruch 10, bei der die phosphathaltige Verbindung und die halogenidhaltige Ver-
bindung die Elekirode vollsténdig tranken.

13. Elektrode nach Anspruch 10, bei der die halogenidhaltige Verbindung ein Chioridsalz oder eine Mi-
schung von Chioridsalzen ist.

14. Elektrode nach Anspruch 10, bei der die phosphathaltige Verbindung ausgewahit wird aus der
Gruppe bestehend aus Zinkphosphat, Eisenphosphat, Aluminiumphosphat, Kupferphosphat, Kalium-
phosphat und Manganphosphat.

Revendications

1. Procédé pour retarder I'oxydation d’'une électrode en carbone ou en graphite et pour inhiber la for-
mation d’'un film non conducteur entre I'électrode et un manche d'électrode en cuivre, caractérisé en ce
qu'il consiste a mettre en contact P'électrode avec au moins une composition liquide comprenant au moins
un composé contenant un phosphate, au moins un composé contenant un halogénure et au moins un sol-
vant du composé contenant un phosphate et du composé contenant un halogénure, ledit composé conte-
nant un halogénure étant présent en une quantité d’environ 1% en poids & environ 5% en poids, sur la ba-
se du poids total de la composition.

2. Procédé suivant la revendication 1, dans lequel le composé contenant un halogénure est un chioru-
re ou un mélange de chlorures.

3. Procédé suivant la revendication 1, dans lequel le composé contenant un halogénure est présent en
une quantité d'environ 1,7% en poids a environ 3% en poids, sur la base du poids total de la composition.

4. Procédé suivant la revendication 1, dans lequel le composé contenant un phosphate est choisi dans
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le groupe comprenant le phosphate de zinc, le phosphate de fer, le phosphate d’aluminium, le phosphate
de cuivre, le phosphate de potassium et le phosphate de manganése.

5. Procédé suivant la revendication 1, dans lequel le composé contenant un phosphate est présent
dans la composition en une quantité d’environ 10% en poids & environ 70% en poids, sur la base du poids
total de la composition.

6. Procédé suivant la revendication 1, dans lequel le composé contenant un phosphate est présent
dans la composition en une quantité d’environ 1% en poids & environ 70% en poids, sur la base du poids
total de la composition.

7. Procédé suivant la revendication 1, dans lequel le composé contenant un phosphate est présent
dans la composition en une quantité d'environ 20% en poids a environ 40% en poids, sur la base du poids
total de la composition.

8. Procédé suivant la revendication 1, dans lequel le contact consiste en une imprégnation totale de
I'électrode avec la composition, sous une pression supérieure a la pression atmosphérique.

9. Procédé suivant la revendication 1, dans lequel le contact consiste a laminer 'élecirode dans la
composition pour parvenir & une pénéiration d'au moins 25,4 mm (1 in) de la composition dans I'électrode.

10. Electrode en carbone ou en graphite, caractérisée en ce qu'elle renferme un composé contenant
un phosphate et un composé contenant un halogénure déposés sur la surface et imprégnant au moins
une partie de Vintérieur de ladite électrode, ledit composé conienant un halogénure étant présent sur
Pélectrode en une quantité d'environ 75 ppm & environ 300 ppm, et ledit composé contenant un phosphate
étant présent en une quantité d’environ 1% en poids a environ 7% en poids, I'une et 'autre quantités
étant exprimées sur la base du poids de la portion traitée de I'électrode, 'imprégnation de ladite électrode
avec ladite quantité du composé contenant un halogénure étant effectuée a partir d'au moins une compo-
sition liquide contenant environ 1% en poids & environ 5% en poids dudit halogénure, sur la base du poids
total de ladite composition.

11. Electrode suivant la revendication 10, dans laquelle le composé contenant un phosphate et le com-
posé contenant un halogénure imprégnent une épaisseur d’au moins 25,4 mm (1 in) de ladite électrode.

12. Electrode suivant la revendication 10, dans laquelie le composé contenant un phosphate et le com-
posé contenant un halogénure imprégnent iotalement ladite électrode.

13. Electrode suivant la revendication 10, dans laquelle le composé contenant un halogénure est un
chlorure ou un mélange de chlorures.

14, Electrode suivant la revendication 10, dans laquelle le composé contenant un phosphate est choisi
dans le groupe comprenant le phosphate de zinc, ie phosphate de fer, le phosphate d'aluminium, le phos-
phate de cuivre, le phosphate de potassium et le phosphate de manganése.
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